Sestrin2-AMPK activation protects mitochondrial function against glucose deprivation-induced cytotoxicity.
Sestrin2 (SESN2) regulates redox-homeostasis and apoptosis in response to various stresses. Although the antioxidant effects of SESN2 have been well established, the roles of SESN2 in mitochondrial function and metabolic stress have not yet been elucidated. In this study, we investigated the role of SESN2 in mitochondrial dysfunction under glucose deprivation and related signaling mechanisms. Glucose deprivation significantly upregulated SESN2 expression in hepatocyte-derived cells. Antioxidant treatments repressed SESN2 induction under glucose deprivation, this result suggested that reactive oxygen species (ROS) production was involved in SESN2 induction. Moreover, NF-E2-related factor-2 (Nrf2) phosphorylation was accompanied in induction of SESN2 by glucose deprivation. To elucidate the functional role of SESN2, we examined cells that stably overexpressed SESN2. Overexpression of SESN2 inhibited glucose deprivation-induced ROS production and cell death. In addition, under glucose deprivation, the changes in mitochondrial membrane potential, ADP/ATP ratio, and mitochondrial DNA content were significantly restored in SESN2-overexpressing cells. Moreover, siRNA knockdown of SESN2 failed to prevent mitochondrial permeability transition by glucose depletion. Mechanistic investigation showed that glucose deprivation significantly increased AMP-activated protein kinase (AMPK) activation. The recovery of mitochondrial function under glucose deprivation in SESN2-overexpressing cells was not seen in SESN2-overexpressing cells transfected with a dominant-negative AMPK; this result suggested that AMPK activation was responsible for SESN2-mediated mitochondrial protection against glucose deprivation. Treatment with 5-aminoimidazole-4-carboxamide-1-β-D-ribofuranoside (AICAR, an AMPK activator) also provided cytoprotective effects against glucose deprivation. Our findings provide evidence for the functional importance of SESN2-AMPK activation in the protection of mitochondria and cells against glucose deprivation-induced metabolic stress.